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genic response are provided. Vaccinations that include both
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CHLORAMPHENICOL ACETYL
TRANSFERASE (CAD)-DEFECTIVE
SOMATOSTATIN FUSION PROTEIN AND
USES THEREOFK

RELATED APPLICATIONS

This application 1s a continuation under 35 U.S.C. §111(a)
of PCT/US2008/068193, filed on Jun. 25, 2008, entitled

“Chloramphenicol Acetyl Transferase (CAT)-Defective
Somatostatin Fusion Protein And Uses Thereof” which 1s
incorporated herein by reference 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to chimeric somatostatin-
based polypeptides, polynucleotides used to encode the
polypeptides, the means for isolating and producing the
polypeptides, and to the uses thereof. The present invention
also relates to novel adjuvants and 1immunization composi-
tions for enhanced immunogenicity of, for example, chimeric
somatostatin-based polypeptides of the invention as well as to
other like antigens.

BACKGROUND OF THE INVENTION

Somatostatin (also known as growth hormone inhibiting
hormone or GHIH) 1s a peptide hormone produced in the
hypothalamus as well as certain portions of the digestive
system. Somatostatin 1s generally involved 1n regulation of
the endocrine system via interactions with G-protein-coupled
somatostatin receptors. This somatostatin-based signaling
cascade leads to a number of actions spread throughout the
body.

Relevant to aspects of the present invention, somatostatin
1s known to inhibit the release of growth hormone and thyroid
stimulating hormone from the anterior pituitary. (Patel Y C
and Srikant C B, Somatostatin and 1ts receptors Adv Mol Cell
Endocrinol, 1999. 3 43-73). Other hormones inhibited by
somatostatin include insulin, glucagon, secretin, gastrin, pep-
sin, maletin, etc. (Patel Y C and Srikant C B Somatostatin and
its receptors Adv Mol Cell Endocrinol, 1999. 3 43-73). The
ability of somatostatin to regulate so many factors/hormones
necessary for growth and utilization of food has made soma-
tostatin a central target for controlling animal growth in the
amimal husbandry field, 1.e., inhibiting somatostatin results 1n
increased levels of growth hormone being present 1n a target
amimal and thereby results 1n amimals with enhanced capacity
to produce milk, to provide greater amounts of meat, etc.

In particular, immunization of animals to somatostatin has
been recognized as a means of neutralizing somatostatin 1n a
target amimal and thereby removing somatostatin’s normal
inhibitory effects on various aspects of the animal’s produc-
tivity, e.g., milk production in a dairy cow. Reichlin S., ed.,
1987, Somatostatin, Basic and Clinical Status, Plenum Press,
New York (pp 3-30, 121-136, 146-156, 169-182, 221-228,
267-274) Spencer . S., 1985, Hormonal systems regulating
growth, review, Livestock Production Science, 12, 31-46.
Importantly, these somatostatin-based immunization proce-
dures avoid the direct use of anabolic hormones, e.g., growth
hormone, and the like, in the animal and allow for small
changes 1n the concentration of the endogenous anabolic
factors and thereby ecologically pure food products.

Somatostatin 1s known to have a relatively short hali-life in
the blood. In order to enhance the immunologic effects of
somatostatin, immunization protocols have been developed
to enhance the proteins half-life by conjugating somatostatin
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2

to target carrier proteins. These conjugated somatostatin pro-
teins are designed to have increased hali-life and increased
antigenicity in the blood and therefore provide enhanced
benefits (especially 1n light of the cost of preparing soma-
tostatin). For example, chimeric somatostatin proteins are
disclosed 1 U.S. Pat. No. 6,316,004, (and corresponding
European Patent EP0643454) where various conjugated
somatostatin-containing proteins are shown to have increased
antigenicity and function with regard to productivity of farm
amimals as compared to other conventional immunization or
anabolic hormone-based procedures.

However, lower dose, higher antigenicity based immuni-
zation compositions and procedures are needed to improve
overall productivity and timeliness in the animal husbandry
field. The present invention 1s directed toward providing these

more antigenic and functionally active somatostatin-based
immunization compounds, compositions and procedures.

Against this backdrop the following disclosure 1s provided.

SUMMARY OF THE INVENTION

The present invention provides novel polypeptides, and the
polynucleotides that encode them, having enhanced immu-
nogenicity of somatostatin. Polypeptides of the invention
include somatostatin-14 fused to a substantially inactivated
chloramphenicol acetyl transierase protein via a functionally
optimized linker. The chimeric polypeptides of the invention
provide highly effective and low cost materials for use in the
amimal husbandry field, as 1s described in more detail below.

Embodiments of the invention include the amino acid and
nucleic acid sequences as defined 1n SEQ ID NOs: 1-15.

The present invention also provides production and purifi-
cation procedures for making the chimeric polypeptides of
the invention 1n an endotoxin free and highly functional state.
Endotoxin free polypeptides provide a substantial and unex-
pected advantage for use in certain target animals, where
small amounts of endotoxin, typically thought advantageous
for eliciting an 1immunogenic response, actually lead to sig-
nificant functional disadvantage. This 1s particularly the case
when polypeptides of the invention are used to immunize
United States bred and raised dairy cows. In addition, because
the chimeric polypeptides of the invention show enhanced
function as compared to conventional materials, smaller and
lower number of doses are used to immunize target animals.
This decrease 1n required amounts also provides a resultant
reduction of endotoxin 1n vaccines of the invention. The com-
bination of endotoxin free 1solation and smaller use amount
of the chimeric polypeptides of the imnvention allows for sub-
stantially endotoxin free vaccines to be used herein.

The invention also provides adjuvant compositions having,
enhanced function and safety as compared to conventional
adjuvant materials. Adjuvants herein do not contain animal-
derived materials and are free of most known chemaical car-
cinogens, €.g., benzene and other like matenals. Adjuvant
compositions herein have proven to be unexpectedly effective
at eliciting immune response when combined with target
antigens.

The invention further provides vaccines containing the chi-
meric polypeptides of the invention with adjuvant composi-
tions of the ivention. Vaccines herein are used for inducing
immune responses 1 vaccinated mammals and avian, for
example, target farm animals. Illustrative farm animals for
use herein mclude: dairy cows, pigs, sheep, goats, turkeys,
rabbits, and bull calves. In some aspects the polypeptides of
the invention are prepared and purified with low or no asso-
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ciated endotoxin. These vaccines have been optimized to
elicit safe and enhanced immunogenic reactions 1n the target
animal.

The i1nvention further includes methods for vaccinating
target mammals and avians using the vaccines of the mven-
tion. Illustrative methods are provided for vaccination of
dairy cows to enhance milk production 1n a safe (for both
amimal and end-user), cost-effective and highly useful man-
ner. Other illustrative methods include vaccination of piglets,
sheep, turkeys, goats, rabbits or bull calves to enhance meat
(and particularly lean meat) production 1n a target animal 1n a
safe and cost-effective manner.

These and various other features and advantages of the
invention will be apparent from a reading of the following
detailed description and a review of the appended claims

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1llustrative schematic of a pET30b CatSom
plasmid 1n accordance with embodiments of the present
invention. The plasmid includes a Kanamycin resistance
marker, a Lac operator, 17 promoter, CAT coding sequence
all 1n accordance with embodiments of the invention, a linker
region 1n accordance with the invention herein and a soma-
tostatin encoding region 1n accordance with the invention are
also mcluded.

FIG. 2 15 an illustrative stained SDS-PAGE showing a 28

KD band corresponding to the predicted size of a codon-
optimized, CAT-defective somatostatin polypeptide of the
imnvention. Lane 1 1s LB+IPTG, reduced, Lane 2 1s LB,
reduced, Lane 3 1s LB+IPTG and Lane 4 1s LB.

FIGS. 3A and 3B are tables showing milk production in
liters per day of vaccinated (using vaccines as described in the
Examples) and control dairy cattle (BSY). Each cow had a
specific number 1dentification as shown 1n each table.

IDENTIFICATION OF SEQUENCES AND
SEQUENCE IDENTIFIERS

SEQ ID NO: 1
AGCKNFEFWKTETSC

SEQ ID NO: 2
GCTGGCTGCAAGAATTTCTTCTGGAAGACTTTCACATCCTGT

SEQ ID NO: 3

(Higl1l92 -> Gly, Hisgl93 -> Gly) :
Atggagaaaaaaatcactggatataccaccgttgatatatcccaatggceca
tcgtaaagaacattttgaggcatttcagtcagttgetcaatgtacctata
accagaccgttcagctggatattacggectttttaaagaccgtaaagaaa
aataagcacaagttttatccggcectttattcacattecttgececgectgat
gaatgctcatccggaattcececgtatggcaatgaaagacggtgagcetggtga
tatgggatagtgttcacccttgttacaccgttttceccatgagcaaactgaa
acgttttcatcgcectcectggagtgaataccacgacgatttcecggecagtttcet
acacatatattcgcaagatgtggcgtgttacggtgaaaacctggcectatt
tcecctaaagggtttattgagaatatgtttttegtcectcagecaatececctygyg
gtgagtttcaccagttttgatttaaacgtggccaatatggacaacttctt
cgcccecccgttttcaccatgggcaaatattatacgcaaggcecgacaaggtgc
tgatgccgctggcgattcaggttggtggtgecgtttgtgatggettcocat

gtcggccgtatgcecttaatgaactgcagecag
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4

-continued
SEQ ID NO: 4:

(Hisl192 -> Gly, Higl93 -»> Glvy) :
Mekkitgyttvdisgwhrkehfeafgesvaqgctyngtvglditaflktvkk
nkhkfypafihilarlmnahpefrmamkdgelviwdsvhpcytvihegte
tfseslwseyhddfrgflhiysqgdvacygenlayfpkgfienmffvsanpw
veftesfdlnvanmdnffapvitmgkyytggdkvimplaigvggavedgtfh
vgrmlnelqq

SEQ ID NO: 5

(His193 -» Gly)
Atggagaaaaaaatcactggatataccaccgttgatatatcccaatggca
tcgtaaagaacattttgaggcatttcagtcagttgctcaatgtacctata
accagaccgttcagctggatattacggectttttaaagaccgtaaagaaa
aataagcacaagttttatccggectttattcacattcecttgececgectgat
gaatgctcatccggaattceccegtatggcaatgaaagacggtgagcetggtga
tatgggatagtgttcacccttgttacaccgttttceccatgagcaaactgaa
acgttttcatcgcectctggagtgaataccacgacgattteccggecagtttet
acacatatattcgcaagatgtggcgtgttacggtgaaaacctggcectatt
tccctaaagggtttattgagaatatgtttttegtctcagecaatceccocectgyg
gtgagtttcaccagttttgatttaaacgtggccaatatggacaacttcett
cgcccececgttttcaccatgggcaaatattatacgcaaggcgacaaggtygc
tgatgccgcectggcgattcaggttcatggtgeccgtttgtgatggecttecat
gtcggccgtatgcttaatgaactgcagecag

SEQ ID NO:6

(1 Higl92 -> Ala)
Atggagaaaaaaatcactggatataccaccgttgatatatcccaatggca
tcgtaaagaacattttgaggcatttcagtcagttgctcaatgtacctata
accagaccgttcagctggatattacggectttttaaagaccgtaaagaaa
aataagcacaagttttatccggectttattcacattcecttgececgectgat
gaatgctcatccggaattceccecgtatggcaatgaaagacggtgagcetggtga
tatgggatagtgttcacccttgttacaccgttttceccatgagcaaactgaa
acgttttcatcgetctggagtgaataccacgacgatttecggecagtttet
acacatatattcgcaagatgtggegtgttacggtgaaaacctggectatt
tccctaaagggtttattgagaatatgtttttegtctcagecaatccoccectgyg

gtgagtttcaccagttttgatttaaacgtggccaatatggacaacttctt

cgcccccegttttcaccatgggcaaatattatacgcaaggcecgacaaggtgce
tgatgccgctggcecgattcaggttcatgetgecgtttgtgatggettecat
gtcggccgtatgcecttaatgaactgcagecag

SEQ ID NO:7

(1 His + CAT wt)
Atggagaaaaaaatcactggatataccaccgttgatatatcccaatggcea
tcgtaaagaacattttgaggcatttcagtcagttgectcaatgtacctata
accagaccgttcagctggatattacggectttttaaagaccgtaaagaaa

aataagcacaagttttatccggcectttattcacattcecttgeccecgectgat

gaatgctcatccggaatteccegtatggcaatgaaagacggtgagetggtyga
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-continued
tatgggatagtgttcacccttgttacaccgttttceccatgagcaaactgaa

acgttttcatcgctcectggagtgaataccacgacgatttecggcagtttet
acacatatattcgcaagatgtggcecgtgttacggtgaaaacctggectatt
tccctaaagggtttattgagaatatgtttttegtcetcagecaateccectgg
gtgagtttcaccagttttgatttaaacgtggccaatatggacaacttctt
cgcccecceccgttttcaccatgggcaaatattatacgcaaggcgacaaggtgc
tgatgccgcetggcecgattcaggttcatggtgececgtttgtgatggecttecat
gtcggcagaatgcttaatgaactgcagcag

SEQ ID NO: 8

(one H —-> G) :
Mekkitgyttvdisgwhrkehfeafgsvaqgctyngtvglditaflktvkk
nkhkfypafihilarlmnahpefrmamkdgelviwdsvhpcytvihegte
tfaslweseyhddfrgflhivsgdvacygenlayfpkgfienmffvsanpw
veftasfdlnvanmdnffapvitmgkyytggdkvimplaigvhgavcedgtfh
vgrmlnelqq

SEQ ID NO: 9

(H —> A)
Mekkitgyttvdisgwhrkehfeafgsvaqctyngtvglditaflktvkk

nkhkfypafihilarlmnahpefrmamkdgelviwdsvhpcytvihegte
tfsslwseyhddfrgflhiyvsgdvacygenlayipkgfienmffvsanpw
voftesfdlnvanmdnffapvitmgkyytggdkvimplaigvhaavedgtfh
vgrmlnelqq

SEQ ID NO: 10
tgggaactgcaccgttctggtccacgecoecgegecctegeccacgtecgga

attcatg

SEQ ID NO:11
welhrsgprprprprpefm

SEQ ID NO:12
welhrsgp (rp)nefm where n > 1

SEQ ID NO: 13
Atggagaaaaaaatcactggatataccaccgttgatatatcccaatggca

tcgtaaagaacattttgaggcatttcagtcagttgetcaatgtacctata
accagaccgttcagctggatattacggcctttttaaagaccgtaaagaaa
aataagcacaagttttatccggcctttattcacattcttgeccgectgat
gaatgctcatccggaattcececgtatggcaatgaaagacggtgagetggtga
tatgggatagtgttcacccttgttacaccgttttceccatgagcaaactgaa
acgttttcatcgctctggagtgaataccacgacgatttcecggcagtttcet
acacatatattcgcaagatgtggcgtgttacggtgaaaacctggcectatt
tccctaaagggtttattgagaatatgtttttegtcectcageccaatecctygg
gtgagtttcaccagttttgatttaaacgtggccaatatggacaacttctt
cgccceccegttttcaccatgggcaaatattatacgcaaggecgacaaggtygce
tgatgccgctggecgattcaggttggtggtgeecgtttgtgatggettcocat

gtcggccgtatgcecttaatgaactgcagcagtgggaactgcaccgttetygyg
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-continued
tccacgcocccecgegecctegeccacgtecggaattcatggecggetgcaaga

acttcttttggaaaacctttacgagctgce

SEQ ID NO:14
mekkitgyttvdisgwhrkehfeafgsvaqctyngtvglditaflktvkk

nkhkfypafihilarlmnahpefrmamkdgelviwdsvhpcytvihegte
tfaslweseyvhddfrgflhivsgdvacygenlayfpkgfienmffvsanpw
vaftafdlnvanmdnffapvitmgkyyvtqggdkvimplaigvggavedgtfh
vgrmlnelggwelhrsgprprprprpefmagcknffwktftsc

SEQ ID NO: 15
mekkitgyttvdisgwhrkehfeafgsvaqctyngtvglditaflktvkk

nkhkfypafihilarlmnahpefrmamkdgelviwdsvhpcytvihegte
tfaslweseyvhddfrgflhivsgdvacygenlayfpkgfienmffvsanpw
vaftafdlnvanmdnffapvitmgkyyvtqggdkvimplaigvhhavedgfh

vgrmlnelggwelhrsgprprprprpefmagcknffwktftsc

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention provide chimeric
polypeptides, and nucleic acid constructs that encode the
same, having enhanced immunogenicity of somatostatin.
Embodiments herein include methods for preparing the chi-
meric protein as well as methods for using the chimeric pro-
tein to 1ncrease certain productivity of target farm animals,
and especially for increasing milk production 1n dairy cows
and meat production of cattle, pigs, sheep, rabbits, goats, bull
calves, etc.

Embodiments of the present invention also iclude novel
adjuvants for use with the chimeric proteins of the mvention
for enhanced immunogenicity 1n a target animal, enhanced
safety for the target amimal being vaccinated and enhanced
safety for a user of the target amimal, 1.e., consumer of the
vaccinated animal or consumer of a product from the vacci-
nated animal.

In one aspect, the invention provides chimeric somatostatin
protein designed for enhanced immunogenicity of somatosta-
tin. Chimeric somatostatin protein embodiments include an
amino acid sequence of somatostatin-14 linked by a linker
sequence to a substantially inactivated chloramphenicol
acetyl transierase (CAT) truncated protein. In some cases the
linker (also referred to herein as a spacer) has been optimized
to enhance production of the chimeric polypeptide 1n target
host cells. In other cases, methods are provided for producing
and 1solating these enhanced amounts of chimeric protein 1n
a substantially endotoxin free state.

In another aspect, the invention provides novel adjuvant
compositions (which do not contain any animal dertved pro-
teins or chemicals, like benzene) and vaccines that incorpo-
rate chimeric somatostatin proteins of the invention. Embodi-
ments 1nclude unexpectedly effective adjuvant/chimeric
somatostatin protein (typically substantially endotoxin free),
1.€., novel vaccines, compositions for inducing antigenicity in
vaccinated target farm anmimals. In some embodiments the
target farm animal 1s a dairy cow, bull calve, pig, goat, efc.
Note that although the adjuvants of the present invention are
described in combination with the chimeric somatostatin pro-
teins herein, 1t 1s envisioned that the mventive adjuvants
herein could be used with other vaccines and 1n a variety of
target animals, e.g., humans, pigs, dogs, cats, efc.
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In other aspects, methods are provided for vaccinating
target farm animals using as few as one dose of this novel
vaccine to obtain enhanced productivity, and in particular,
enhanced milk production 1n dairy cows and other like farm
amimals. These improved dose procedures (fewer number of
vaccinations and smaller concentration of chimeric soma-
tostatin) provide for time effectiveness and lower costs,
which when extended to the dairy industry represents a sig-
nificant advancement 1n farm animal productivity. Also, the
methods herein avoid use of recombinant growth hormone
therapy which are a concern within the health care industry,
1.¢., both to the target farm anmimal, the end user and the
environment where excretion of recombinant growth hor-
mone 1s released mto the ground water supply.

Definitions

The following definitions are provided to facilitate under-
standing of certain terms used frequently herein and are not
meant to limit the scope of the present disclosure.

The term “amino acid” refers to any of the twenty naturally
occurring amino acids as well as any modified amino acid
sequences. Modifications may include natural processes such
as posttranslational processing, or may include chemical
modifications which are known in the art. Modifications
include but are not limited to: phosphorylation, ubiquitina-
tion, acetylation, amidation, glycosylation, covalent attach-
ment of flavin, ADP-ribosylation, cross-linking, iodination,
methylation, and the like.

The terms “chimeric polypeptide” or fusion protein refer to
a first polypeptide having attached a second, heterologous
polypeptide, such that the first and second polypeptides are
expressed 1 frame. Often the two polypeptides can be
attached via a linker or spacer segment to optimize expression
and function of the chimeric polypeptide(s) of the invention.

The term “endotoxin” refers to toxins associated 1n the cell
walls of gram negative bacteria. In some cases the toxins are
lipopolysaccharide components of bacterial membra-
nes.components of outer membrane of gram negative bacteria
cell walls.

The term “host cell” or “host cells” refers to cells estab-
lished 1n ex vivo culture. It 1s a characteristic of host cells
discussed herein that they be capable of expressing the chi-
meric proteins of the mvention. Examples of suitable host
cells useful for aspects of the invention 1nclude, but are not
limited to, bacterial, yeast, insect and mammalian cells. Spe-
cific examples of such cells include SF9 nsect cells (Sum-
mers and Smith, 1987, Texas Agriculture Experiment Station
Bulletin, p 1535), E. Colicells (BL21(DE3), Novagen), yeast
(Pichia Pastoris, Invitrogen) and human liver cells (Hep G2
(ATCC HB8065).

The term “nucleic acid sequence” refers to the order of
sequence of deoxyribonucleotides along a strand of deoxyri-
bonucleic acid. The order of these deoxyribonucleotides
determines the order of the amino acids along a polypeptide
chain. The deoxyribonucleotide sequence codes for the
amino acid sequence.

The terms “protein,” “peptide,” and “polypeptide™ are used
interchangeably to denote an amino acid polymer or a set of
two or more 1nteracting or bound amino acid polymers.

The term “substantially” refers to a *““great extent,” for
example, substantially removed means that at least 75%,
more typically at least 80%, 83%, 90%, 953% and most typi-
cally 96%, 97%, 98%, 99% of the target material 1s removed;
substantially inactive means at least 75%, more typically
80%, 85%, 90%, 95% and most typically 96% 97%, 98%,
99% of an enzyme 1s inactivated. As such a substantially
iactive CAT enzyme 1s one that has 75%, 80%, 85%, 90%,
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95% 96%, 97%, 98%, 99% or 100% of its activity removed.
(CAT activity can be determined using known functional
assays, for example binding of n-Butyryl Coenzyme A to
radiolabelled chloramphenicol and subsequent measurement
by Liquid Scintillation Counting (LLCS); by determining the
amount of radioactive label transferred from [ *Cacetyl CoA
to chloramphenicol by thin layer chromatography (see

Molecular Cloning: A Laboratory Model, 3" ed., ] Sambrook
and D W Russell, 2001. Cold Spring Harbor Press]| or other

known or like assays).

The term ““vector” i1s used 1n reference to nucleic acid
molecules that transter DNA segment(s) from one cell to
another cell. The term “vehicle” 1s sometimes used 1inter-
changeably with vector. Two common types ol vectors are
plasmids and viral vectors.

Somatostatin

A number of studies have shown that animals immunized
with somatostatin have an average daily gain of 10-20%, an
appetite reduced by 9% and an 11% increase in the efliciency
of food utilization. Animals immunized with somatostatin,
and also their offspring, have correct proportions, and the
distribution of the weight of the animals between the muscles,
bones and fat 1s the same as 1n control animals (see Reichlin,
1987). Therefore, somatostatin immunization provides a use-
ful and sate way of enhancing a target animal’s productivity.
This 1s particularly the case when compared with use of
recombinant growth hormone, which use has raised concerns
over hormone 1n milk or m eat from treated animals or for the
sately of the animals themselves or for build-up of the hor-
mone 1n the ecosystem, particularly the ground water supply.

Somatostatin-14 1s a biologically active tetradecapeptide
produced 1n the hypothalamus and gastrointestinal tract. The
amino acid sequence of the tetradecapeptide 1s AGCKNEF-
WKTEFTSC (SEQ ID NO: 1). The sequence of somatostatin-
14 1s highly conserved among mammals (Lin X W et al.
Evolution of neuroendocrine peptide systems: gonadotropin-
releasing hormone and somatostatin. Comp Biochem Physiol
C Pharmacol Toxicol Endocrinol. 1998 119(3):375-88.) The
tetradecapeptide 1s encoded by a nucleic acid sequence
GCTGGCTGCAAGAATTTCTTCTGGAA-
GACTTTCACATCCTGT (SEQ ID NO: 2) (note that other
nucleic acid sequences can be used to code SEQ 1D NO:1,
however, SEQ ID NO: 2 1s provided for illustrative purposes).

Somatostatin-14 1s known to have a strong inhibitory etfect
on a large number of hormones involved 1n the growth and
utilization of food 1n animals. As previously described 1n U.S.
Pat. No. 6,316,004 (incorporated herein by reference for all
uses), somatostatin-14 and chimeric versions of somatostatin
can be used 1n immunization of animals for increase 1n daily
weight and, where appropnate, milk production. These
immunization procedures were preformed with conventional
adjuvants and did not utilize the somatostatin-based materials
of this invention. Note that treatment of target animals with
anti-somatostatin antibodies has proven to be overly costly
and functionally non-dramatic, thereby eliminating direct
antibody treatment as non-practical. Muromtsev G. S., et al.,
1990, Basics of agricultural biotechnology, Agropromizdat,
Moscow, pp 102-106. One aspect of the present invention 1s
based on the concept that the anti-somatostatin antibodies
formed by compositions and methods described herein
attenuate but do not completely eliminate the mostly 1nhibi-
tory actions of somatostatin in the target animal. This process
produces a natural and proportional increase in growth and
productivity in immunized target animals.

As such, aspects of the present invention facilitate soma-
tostatin based immunization by providing highly immuno-
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genic materials for use 1n immunizing target animals. These
somatostatin based immunization compounds have been
optimized for expression and antigenicity. In some embodi-
ments, somatostatin-14 1s expressed as a codon-optimized,
CAT-deficient somatostatin chimeric polypeptide. These
materials provide an unexpected improvement over other
immunization based vaccines.

Novel Codon-Optimized, CAT-Deficient Somatostatin Con-
structs

One aspect of the invention provides 1solated nucleic acid
molecules that encode chimeric proteins having optimized
somatostatin immunogenic activity. In particular, embodi-
ments of the ivention include novel nucleic acid constructs
that encode CAT fusion proteins having immunogenic activ-
ity for somatostatin. These polypeptides have been identified
for optimal functional activity in immunization procedures.

In one embodiment, a construct having a schematic as
shown 1n FIG. 1 1s provided to encode the chimeric polypep-
tides of the invention. Nucleic acid constructs of the invention
generally encode an 1mactive CAT enzyme without 10 C-ter-
minal amino acids and includes one or two histidine replaced
amino acids. Substantial inactivation of CAT avoids adverse
reactions to CAT 1n the imjected target animal (and thereby
avoildance of CAT resistance). Note that chloramphenicol 1s a
commonly used antibiotic in the cattle industry and resistance
to chloramphenicol 1n cattle would be adverse to the safety of
amimals vaccinated using materials of the invention. As such,
constructs having an mnactivated CAT have the immunogenic-
ity of CAT without the adverse side-eflects of resistance 1n
vaccinated amimals (a problematic safety 1ssue for the ani-
mals).

The CAT enzyme 1s inactivated by removing the imidazole
group of His193 (His195 1n the canonical CAT,,, variant, see
Lewendon et al below). In another embodiment the CAT

enzyme 1s 1mactivated by removing the imidazole groups of

both His193 and nearby His192 (respectively His195 and
His194 for CAT ;). Removal of the essential His193 (His195
in CAT ;) imidazole group from the active site of CAT and
replacement with a alanine, glycine or other like amino acid
results in substantial inactivation of the CAT enzyme (Lewen-
don A etal. (1994). Replacement of catalytic histidine-195 of
chloramphenicol acetyl transierase: evidence for a general
base role for glutamate. Biochemistry. 33(7):1944-50.).
Finally, embodiments herein can also include CAT enzyme
inactivation through removal of the imidiazole group of
His192 alone (His194 for CAT,,;). As for His193, replace-

ment can be with an alanine, glycine or other like amino acid.

In some aspects, the one or more replaced histidine amino

acids are encoded by nucleic acids located at position num-
bers 574-576 and 377-379 of SEQ ID NO: 3 (corresponding

to amino acid numbers 192 and 193 1n SEQ ID NO:4). In
some embodiments the nucleic acid sequences of the inven-
tioninclude SEQ ID NO: 5, SEQ ID NO: 6 and SEQ ID NO:7.
Chimeric proteins of the mvention that include the histidine
replaced constructs herein provide highly immunogenic pro-
teins with little or no CAT activity, a significant improvement
over the existing art. "

The substantially mactivated CAT
enzyme embodiments are attached to a somatostatin polypep-
tide of the invention. This attachment can be made directly or
with a linker (as described more fully below).

Inactivation of the target sites (His192 and/or His193) can
be accomplished via any number of known procedures to
those skilled in the art including site-directed mutagenesis
and synthetic gene assembly. In one embodiment, the nucleic
acid sequence that encodes histidine 193 1s modified to
encode an alanine, glycine or other like amino acid. In another
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embodiment, the nucleic acid sequences that encodes histi-
dine 192 1s modified to encode alanine, glycine or other like
amino acids. Typical combination replacements for the 192
and 193 chimeric polypeptide include: alanine, alanine; ala-
nine, glycine; glycine, alanine; and glycine, glycine.

Embodiments of the present invention also include the
amino acid sequences for CAT deficient polypeptides of the
invention, mcluding amino acid sequence having SEQ 1D
NO: 8, 9 and 4 (corresponding to his->gly at 193, his->ala at
193, and his->gly at both 192 and 193).

As shown m FIG. 1, the substantially non-active CAT
enzyme can be linked to somatostatin-14 via a variable length
spacer. The spacer being required to insure presentation of the
encoded somatostatin on a global surface. Spacer embodi-
ments herein provide for optimal protease resistance and for
optimal epitope exposure and inclusion 1n chimeric polypep-
tides of the invention have shown unexpected improvement
over constructs not having the linker sequence(s) of the
present invention.

Spacer embodiments, therefore, have been optimized in
length and composition to ensure CAT-defective somatostatin
expression 1n various microorganisms, and in particular in £.
Coli. Orniginal constructs as described in U.S. Pat. No. 6,316,
004, included a spacer having rare E. Coli codons and
required the co-expression of rare tRNAs from a second or
helper plasmid. Spacer embodiments herein remove these
rare I, Coli codons and thereby remove the need for a second
helper plasmid, an improvement over previous technology.

In typical embodiments, the spacer has a nucleic acid
sequence of tgggaactgcaccgtictggtccacgeccgegecctegecce-
acgtccggaattcatg (SEQ ID NO:10). One example of a spacer
of the invention has an amino acid sequence of welhrsg-
prprprprpeim (SEQ ID NO:11). A typical amino acid
sequence for a spacer of the invention 1s welhrsgp(rp), efm
where n>1 (SEQ ID NO:12). As noted above, these novel
spaces sequences provide for enhanced protease resistance
(thereby allowing for increased production as compared to
constructs disclosed 1n U.S. Pat. No. 6,316,004) and optimal
somatostatin-14 exposure. The combination of somatostatin-
14 attached to a substantially mnactivated CAT enzyme (his-
tidine replaced constructs) by an optimally configured linker
showed unexpected and surprising improvement over other
conventional materials when used to immunize target animals
for enhanced productivity.

Although not as optimal 1n function, other linker sequences
of variable length can be used to attach the somatostatin-14 to
the substantially inactive CAT enzyme. In addition, 1t 1s envi-
sioned that a direct fusion of the somatostatin-14 to the sub-
stantially mnactive CAT enzyme could also be used herein, and
1s considered to be within the scope of the present invention.

Vectors and Host Cells

The present invention also relates to vectors comprising the
polynucleotide molecules of the mvention, as well as host
cells transformed with such vectors. Any of the polynucle-
otide molecules of the invention may be joined to a vector,
which generally include a selectable marker and origin of
replication, for the propagation host of interest. Host cells are
genetically engineered to include these vectors and thereby
express the polypeptides of the invention. Generally, vectors
herein include polynucleotides molecules of the mvention
operably linked to suitable transcriptional or translational
regulatory sequences, such as those for microbial or viral host
cells. Examples of regulatory sequences include transcrip-
tional promoters, operators, or enhancers, mRNA ribosomal
binding sites, and appropriate sequences which control tran-
scription and translation. Nucleotide sequences are operably
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linked when the regulatory sequences herein functionally
relate to the chimeric polypeptide encoding polynucleotides
of the invention.

Typical vehicles include plasmids, yeast shuttle vectors,
baculovirus, inactivated adenovirus, and the like. In one
embodiment the vehicle 1s a modified pET30b CatSom plas-
mid (see FIG. 1). Target host cells for use herein include
bacterial host, e.g., I, Coli., yeast, SF-9 insect cells, mamma-
lian cells, plant cells, and the like.

In one embodiment, the regulatory sequences include a
T7lac, CAT, Trp, or T5 promoter for expression of the chi-
meric polypeptides of the mvention 1n £. coli or other like
microbes. These regulatory sequences are known 1n the art
and are used under appropriate and known conditions.

Where generically modified green plant cells are utilized
for expression, systems as developed by Planet Biotechnol-
ogy and others can be utilized.

Various plasmids of the invention have been constructed
for expression of chimeric polypeptides of the invention
through utilization of target regulatory sequences. Illustrative
plasmids can include a T7lac promoter (see FIG. 1).

Host cells for expression of target chimeric polypeptides
include prokaryotes, yeast and higher eukaryotic cells. Illus-
trative prokaryotic hosts include bacteria of the genera
Escherichia, Bacillus, and Salmonella as well as the genera
Pseudomonas and Streptomyces. In typical embodiments the

host cell 1s of the genera Escherichia and can be Escherichia
Coli (E. Coli).

As shown 1n the Examples below, constructs of the inven-
tion provide for optimal CAT deficient somatostatin expres-
s1ion under a variety of conditions. These constructs are par-
ticularly efficient for expression 1n prokaryotic hosts and in
particular bacteria of the genera Escherichia. Note as well
that various plant expression systems can also be used in the
context of the present invention, typically using Agrobacte-
rium trameficies.

Endotoxin Free Fusion Protein Purification

Aspects of the present mnvention include use of endotoxin
free, codon-optimized, CAT-deficient somatostatin for use in
vaccination of animals, and 1n particular for vaccination of
farm animals, which 1n some cases are United States bred
dairy cows. Endotoxin free materials are particularly impor-
tant for cattle bred and raised 1n the United States (see for
example, Drackley, J K 2004. Physiological adaptations 1n
transition dairy cows. Pp 74-87 1n Proc. Minnesota Dairy
Herd Health Cont., St Paul, Minn. Umversity of Minnesota,
St. Paul).

In one embodiment, the chimeric immunogenic somatosta-
tin-comprising proteins of the invention are prepared by
transforming target cells with appropriate somatostatin-con-
taining vehicles. As noted above, vehicles for use herein
include known plasmid and vector systems suitable for
expression 1n selected target cells.

In an aspect of the invention, chimeric immunogenic soma-
tostatin-comprising proteins are expressed in target host cells.
Chimeric protein expression 1s performed using target regu-
latory sequences. In some aspects the chimeric polypeptides
have been optimized (especially with regard to spacer
sequences disclosed herein) for expression mn £, Colli.

Chimeric protein can then be purified in accordance with
known protein purification technologies, including, for
example, lysozyme lysis, differential centrifugation of inclu-
sion bodies, sieve chromatography and the like. Refolding
procedures can be conducted in guanidine chloride and urea
at alkaline pH followed by dialysis and lyophilization.
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In one embodiment, E. coli cells are transformed using the
codon-optimized, CAT-deficient somatostatin containing
plasmid—pET30b CatSom; the pET30b CatSom having
appropriate E. Coli base regulatory sequences for expression.
In some cases, fermentation of approximately ten liters of
these cells provides at least 500 grams and 1n some cases 600
grams ol total biomass, yielding about 4-6 grams of total
protein. It 1s estimated from silver and coomassie blue stain-
ing that up to half of the protein can be chimeric protein (see

Example 2 and FIG. 2).

In some embodiments herein, chimeric protein of the
invention 1s purified from transformed host cells 1n a substan-
tially endotoxin free state. Realization that endotoxin, and in
particular multiple exposures to endotoxin, in some animals,
and 1n particular dairy cows, results 1n substantially compro-
mised animals (mastitis and endotoxin shock 1n dairy cows
bred and raised in the United States) was an unexpected and
surprising result that the present inventors obtained. This
realization resulted 1n an attempt to remove or lower the
endotoxin dose amount or number of exposures 1n dairy cow
vaccinations. Note that this endotoxin based effect 1s much
less realized 1n cows bred and raised in Russia and other
countries as the dairy cattle are descendent from a different
strain of cow. Holstein Association, 1 Holstein Place, Brattle-
boro, Vt. 05302-0808. This finding in United States dairy
cows 1s generally contrary to the expectation that a vaccine
should include some low amount of endotoxin to help maxi-
mize an animals’ immune response, as 1s the case for dairy
cows when vaccinated with somatostatin in some other Euro-

pean markets (see U.S. Pat. No. 6,316,004).

As such, some embodiments herein are directed at produc-
tion of substantially endotoxin free chimeric proteins for use
in vaccines, and especially for use 1n vaccines used in the
cattle industry and used in the cattle industry within the
United States. In certain embodiments the endotoxin levels
are at or below 1 EU/ml and 1n other embodiments the endot-
oxin levels are substantially eliminated, 1.e., the chimeric
polypeptides of the invention are substantially endotoxin
free.

In one embodiment, recovered IB from lysed host cells 1s
washed multiple times using a wash solution devoid of endot-
oxin, 1.e., endotoxin {ree water or solution. The recovered IP
pellet can optionally be washed until endotoxin levels are
below approximately 1 EU/ml (endotoxin tests can be per-
formed using one or more known assays, including commer-
cially available test kits from MP Biochemicals, Charles
River, etc.). In some embodiments the wash solution 1s endot-
oxin Iree and includes one or more proteolytic protein inhibi-
tor(s), e.g., phenylmethanesulphonylfluoride (PMSF), 4-(2-
aminoethyl)-benzenesulphonyl fluoride (AEBSF), etc. In
some embodiments the wash solution 1s phosphate butifered

saline (PBS) having an inhibitory effective amount of PMSF,
AEBSF or a combination of both PMSF and AEBSF.

In some aspects, substantially endotoxin free pellets can be
treated with a protein unfolding solution at pH 12.5 contain-
ing urea and refolded in a protein refolding solution contain-
ing a reduced molarity of urea with arginine, glycerol and/or
sucrose. Purified chimeric protein concentration 1s modified
to be between 1 and 3 mg/ml and typically about 1.4 to 1.8
mg/ml. In some cases, substantially endotoxin free chimeric
protein 1s provided to vaccine formulations at about 1.5 to 5
mg/2 ml dose and more typically from 2.0 to 3.5 mg/2 ml
dose.

Other endotoxin removal procedures are envisioned to be
within the scope of the present invention and can include, for
example, commercially available 1on-exchange endotoxin
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removal columns, hydrophobic columns, etc (see for example
Mustang E or G Columns (Millipore)).

Enhanced Immune Response Adjuvant

Embodiments of the mvention provide new adjuvants for
enhanced induction of humoral immunity. These adjuvants
provide a significant improvement over conventional materi-
als for the induction of a humoral response. Adjuvants herein
can be used with numerous vaccines, but are shown 1n the
Examples 1n use with polypeptides of the imvention for vac-
cination in dairy cows, pigs or bull calves.

Importantly, all components of adjuvants herein are of
non-animal origin, thereby eliminating potential cross-con-
tamination ol vaccinated animals from potentially contami-
nated adjuvant components. For example, embodiments
herein can utilize animal origin free Tween 80. This 1s par-
ticularly important when the target animal 1s a dairy cow, due
to concerns over bovine spongiform encephalopathy (BSE)
or other like bovine ailments. Note that these concerns are
equally appropriate for human treatment where non-animal
origin adjuvant provide significant safety benefits. Addition-
ally, adjuvant embodiments herein are free of benzene and
other like carcinogenic compounds. These embodiments pro-
vide a safety benefit not available 1n most conventional adju-
vant compounds. For example, embodiments herein can uti-
lize Carbopol® 974P or benzene free polycyclic acid.

In one embodiment, the immunological adjuvant com-
prises an oil-mn-water emulsion in combination with selected
antigens admixed within an emulsion premix.

[lustrative oil-in-water emulsions for use herein include
combinations of mineral oil, Tween 80, Span 85 and target
polymers (benzene-iree Polyacrylic acid). In some cases the
target polymer 1s selected from the group consisting of Car-
bomer Homopolymer Type B. Typical oil-water emulsions
comprise from about 8-10% mineral oil (v/v), 0.003 to
0.004% Tween 80 (v/v), 0.007 to 0.008 Span 85 (v/v)and 0.04

to 0.06% polymer (w/v).

[lustrative emulsion premixes of the invention are com-
posed of a high molecular weight polymer, surfactant, and
emulsifier 1n at approximate 50% oil-aqueous base. High
molecular weight polymers for use herein include acrylic
acids crosslinked with allyl ethers of pentaerythritol. In some
cases the high molecular weight polymers have a Brookfield

RV'T viscosity of between about 29,000 and 40,000, for
example, Carbopol® 974P (Noveon, Inc).

Method for Obtaining Optimized Immune Response in Dairy
Cows or Other Target Farm Animals

In accordance with compositions and methods of the
present invention, the immunogenic compositions described
herein (endotoxin {free, codon-optimized, CAl-deficient
somatostatin constructs) are combined with novel adjuvants,
as described above, to provide vaccines of the invention. In
one embodiment, endotoxin free, codon-optimized, CAT
deficient somatostatin constructs at a total dose of 2.98 mg/2
ml (of which from 5% to 25% 1s adjuvant (v/v), more typi-
cally from 10% to 20% 1s adjuvant and most typically about
20% 1s adjuvant) 1s administered. Note that other conven-
tional adjuvants are envisioned to be within the scope of the
invention and can be used with the codon-optimized, CAT-
deficient somatostatin constructs of the invention, however,
optimal results have been shown when the novel adjuvants

herein are used 1n this capacity.

The purpose of the novel somatostatin constructs and adju-
vant 1s to increase the productivity of a target animal, typi-
cally a farm animal, and more typically a dairy cow, bull
calve, sheep, pi1g, or goat.
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The preparation 1s 1njected intramuscularly or subcutane-
ously, preferably fewer than 12 times, more preferably fewer
than 6 times, and 1n some cases as few as only one time. When
more than one injection 1s required in a target ammal, an
interval of 14 to 28 days 1s typical before the next injection. As
noted above, embodiments herein avoid the use of recombi-
nant hormone treatment to target animals, a major benefit in
the animal husbandry field (recombinant growth hormone has
been associated with early onset of puberty 1n girls and vari-
ous environmental concerns that the manure from treated
cattle can adversely effect both surface and groundwater envi-
ronments).

Sterile compositions of the mvention can be administered
by subcutaneous or intramuscular routes. In typical cases the
site of administration 1s the target animal’s neck or tail,
although other sites may be utilized. Note that a site should be
used such that an adverse reaction does not impede the ani-
mal’s ability to move, eat, drink, etc.

As noted above, vaccines herein, typically 1n an endotoxin
free state, using the novel adjuvants described herein, provide
a significant improvement in meat and milk production of
dairy cows, cattle, pigs, etc. These treatments, however, are
not accompanied by an increase 1n feed consumption.

EXAMPLES

The following examples are provided for illustrative pur-
poses only and are not mtended to limit the scope of the
invention.

Example 1

Construction of CAT-defective Somatostatin Fusion
Protein

The present example 1llustrates the production of a CAT-
defective somatostatin fusion protein in accordance with
embodiments of the present invention. Site-directed
mutagenesis was performed on plasmid pET30b-Cat-Som to
replace His192 and His193 with glycine residues (after modi-
fication: Gly192 and Gly193). Inactivation of the His193 (and
His192) residues eliminates the capacity of the CAT enzyme
to accept protons, thereby providing complete inactivation of
the CAT.

The spacer 1n the same pET30b-Cat-Som (having the His
replacement(s)) was codon-optimized for expression by £,
coli 1n the absence of co-expressed tRNA molecules.

The modified CAT-defective somatostatin nucleic acid
construct 1s shown as SEQ ID NO: 13. The CAl-defective
somatostatin fusion protein sequence 1s disclosed as SEQ 1D
NO: 14, being compared to an unmodified CAT-somatostatin

fusion protein (SEQ ID NO: 13).

Example 2

CAT-defective Somatostatin Fusion Protein can be
Expressed at High Levels

The codon-optimized CAT-defective somatostatin con-
struct as described 1in Example 1 was used to express the
fusion protein in BL21(DE3) cells. Transformed cells were
grown 1 LB and induced with 0.4 mM IPTG for approxi-
mately three hours. One milliliter of cells from a density of
OD 0.7 culture were pelleted, and heated at 70° C. for ten
minutes 1 100 ul SDS sample buifer. A sample 0140 ul of cell
extract was loaded per lane for SDS PAGE.

As shown 1 FIG. 2, a 28 KD band corresponding to the
predicted size ol a codon-optimized, CAT-defective soma-
tostatin fusion protein was visible 1 lanes 1 (LB+IPTG,

reduced) and 3 (LB+IPTG) after induction with IPTG. No
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expression 1s seen 1n control lanes 2 (LB, reduced) and 4
(LB). As expected, there was no difference 1n fusion protein
s1ze when run under standard or reducing conditions.

Example 3

Endotoxin Free, Codon-Optimized CAT-Deficient
Somatostatin Containing Vaccine

An 1llustrative vaccine i accordance with the present
invention:

a. JH 14 (Adjuvant) 24 ml
mineral o1l - 50% (v/v)
Tween 80 - 0.1694% (v/v)
Span 85 - 0.1915% (v/v)
Carbopol 974NP - 0.125% (w/v)
b. Refolded Protein of the invention 95.6 ml
(2.96 mg/ml) - see Example 2
c. Phosphate Buflered Saline 35.6 ml
d. Antibacterial/ Antifungal 0.36 mo
120 ml

Example 4

Endotoxin Free Chimeric Peptides/Adjuvants
Provide Increased Milk Production

A random pool of dairy cows (Holstein Crosses—US bred
and raised) was 1dentified, each was 31 to 65 days post-
calving (3™ through 57 lactation). Each cow was examined
and determined to be in optimal health by a veterinarian.

The average cow weight 1n the study was from about 1,000
to 1,200 Ibs. Six lactating cows were treated with 1.96
mg/chimeric protein/2 ml dose 1n JH14. Alternatively, 9 lac-
tating cows were provided with a conventional rBST treat-
ment. Treatments and milk production study was conducted
at a large scale, intense milk production dairy.

Vaccinations were conducted at day 0. Ant1-SST serum
antibodies and IGF-1 serum levels tested at 4 weeks, Milk
production and identification of general health of animals
were conducted on a regular schedule.

S1x cows that were vaccinated using mventive composi-
tions described herein had a normal appearance, with no
endotoxin reaction or food withdrawal. All six cows had a
positive serologic response to SST with a mean titer of 1:14.
Milk production of the six cows was obtained with only one
vaccination (see FIG. 3A), showing a mean yield increase of
23.7%.

Nine cows treated using conventional rBST injections at 0
and 14 days with an overall mean increase 1n milk productiv-
ity ol 2% (see FI1G. 3B).

The data 1n this Example shows the drastic improvement in
elfectiveness for using the endotoxin free constructs 1n com-
bination with inventive adjuvants in dairy cows. These results
are dramatically improved toward the animal’s health and
productiveness as compared to cows rejected two times with

rBST.

Example 5

Endotoxin Free Chimeric Peptides/Adjuvants
Provide Increased Meat Production 1in Piglets of
Treated Sows

A random pool of sows will be 1dentified, each being at
least 35-36 days prior to farrowing. Each sow will be exam-
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ined and determined to be 1n optimal health by a veterinarian.
Pregnant sows will be immunized two times using vaccines of
the invention (see Example 3), once at 35-36 days prior to

delivery, and once at 8 days prior to delivery. A control group
ol pregnant sows will be maintained for comparison purposes
(no vaccinations or vaccination with sterile saline).

Delivered piglets from the vaccinated group will have
greater survivability and be of a greater average size. It 1s the
increase in piglet size that enhances the percent survivability,
as larger piglets are less likely to be pushed away from the
sow’s teat. Treated and control piglets will be weighed at day
21, day 30 and day 73. Vaccinations of the present invention
will increase the piglet daily weight by an average of 35%
over the course of the 75 day period.

Importantly, piglet survivability and weight are increased
through use of the vaccines of the present invention in the
absence of recombinant growth hormone. This 1s a significant
improvement over recombinant hormone therapy.

Example 6

Endotoxin Free Chimeric Peptide/Adjuvants Provide
Increased Meat Production in Treated Bull Calves

A random pool of bull calves, one to three months of age,
will be i1dentified, and 1njected with compositions of the
invention. Weight increase over a period of approximately ten
months will be monitored and compared to a control group,
the control group being treated the same in every sense as the
injected group except for the vaccine mjections of the mven-
tion. Each bull calve will be examined and determined to be in
optimal health by a veterinarian over the course of the treat-
ments.

Injections herein for the vaccinated group are performed at
zero weeks, 4 weeks and 8 (three total vaccinations). Vacci-
nations will be provided subcutaneously or intramuscularly
to the neck using 18-21 gauge cc needle. Booster 1njections
were also provided (4 boosts, three boosts or no boosts).
Vaccination injections included 2 mg/2 ml of the chimeric
polypeptide. The chimeric polypeptide was prepared as
described herein having both histidine residues i CAT

replaced with glycine amino acids of the imvention and a
optimized linker as described by SEQ 1D NO: 4.

Vaccinated bull calves and control calves are each weighed
to take an mitial weight. It 1s expected that vaccinated animals
herein will show a 15 to 40% weight increase over control
amimals. This increase 1n average weight for treated bull
calves shows a significant advantage over no treatment.

Importantly, harvested meat from treated bull calves does
not contain recombinant growth hormone.

While the mnvention has been particularly shown and
described with reference to a number of embodiments, it
would be understood by those skilled in the art that changes in
the form and details may be made to the various embodiments

disclosed herein without departing from the spirit and scope
ol the invention and that the various embodiments disclosed
herein are not intended to act as limitations on the scope of the
claims.
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SEQUENCE LISTING

<l60> NUMBER OF SEQ 1D NOS: 15

<210> SEQ ID NO 1
«211> LENGTH: 14

«212> TYPE:

PRT

<213> ORGANISM: Artificial
«220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 1

Ala Gly Cys Lys Asn Phe Phe Trp Lys Thr Phe Thr Ser Cys

1

5

<210> SEQ ID NO Z
<«211> LENGTH: 42

<212> TYPE:

DNA

<213> ORGANISM: Artificial
«220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 2

Synthetic

10

Synthetic

gctggctgca agaatttcectt ctggaagact ttcacatcct gt

<210> SEQ ID NO 3

<211> LENGTH:
«212> TYPERE:

630
DNA

<213> ORGANISM: Artificial
<220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 3

atggagaaaa

cattttgagy

attacggcct

cacattcttyg

gagctggtga

acgttttcat

tcgcaagaty

aatatgtttt

gccaatatgg

gacaaggtgc

gtcggccocgta

aaatcactgyg

catttcagtc

ttttaaagac

ccocgectgat

tatgggatag

cgctctggayg

tggcgtgtta

tcgtcetcage

acaacttctt

tgatgccgcet

tgcttaatga

<210> SEQ ID NO 4

<211> LENGTH:
<212> TYPE:

210
PRT

atataccacc

agttgctcaa

cgtaaagaaa

gaatgctcat

tgttcaccct

tgaataccac

cggtgaaaac

caatccctygy

cgccceecegtt

ggcgattcag

actgcagcag

«213> ORGANISM: Artificial
<220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 4

Synthetic

gttgatatat

tgtacctata

aataagcaca

ccggaattec

tgttacaccy

gacgatttcc

ctggcctatt

gtgagtttca

ttcaccatgy

gttggtggtyg

Synthetic

cccaatggca

accagaccgt

agttttatcc

gtatggcaat

ttttccatga

ggcagtttct

tccctaaagyg

ccagttttga

gcaaatatta

ccgtttgtga

tcgtaaagaa
tcagctggat
ggcctttatt
gaaagacggt
gcaaactgaa
acacatatat
gtttattgag
tttaaacgtyg
tacgcaaggc

tggcttccat

Met Glu Lys Lys Ile Thr Gly Tyr Thr Thr Val Asp Ile Ser Gln Trp

1

5

10

15

Hig Arg Lys Glu His Phe Glu Ala Phe Gln Ser Val Ala Gln Cys Thr

20

25

30

Tyr Asn Gln Thr Val Gln Leu Asp Ile Thr Ala Phe Leu Lys Thr Val

35

40

45

42

60

120

180

240

300

360

420

480

540

600

630

18



19

-continued

Ile His Ile Leu

60

Ala

Glu

Val

Glu

140

Phe

Thr

Ala

Met

Met

Thr

Ala
125

ASn

Asp

Met

Tle

Leu
205

Lys

Val

Hig

110

Met

Leu

Gly

Gln

120

AgSh

ASP
Phe
o5

ASP

Phe

Agn

Lys

175

Val

Glu

US 7,722,881 B2

b2la

Gly

80

His

ASpP

Gly

Phe

Val

160

Gly

Leu

Lys Lys Asn Lys His Lys Phe Tyr Pro Ala Phe
50 55
Arg Leu Met Asn Ala His Pro Glu Phe Arg Met
65 70 75
Glu Leu Val Ile Trp &Asp Ser Val His Pro Cys
85 S0
Glu Gln Thr Glu Thr Phe Ser Ser Leu Trp Ser
100 105
Phe Arg Gln Phe Leu His Ile Tyr Ser Gln Asp
115 120
Glu Asn Leu Ala Tyr Phe Pro Lys Gly Phe Ile
130 135
Val Ser Ala Asn Pro Trp Val Ser Phe Thr Ser
145 150 155
Ala Asn Met Asp Asn Phe Phe Ala Pro Val Phe
165 170
Tyr Thr Gln Gly Asp Lys Val Leu Met Pro Leu
180 185
Gly Ala Val Cys Asp Gly Phe His Val Gly Arg
195 200
Gln Gln
210
<210> SEQ ID NO 5
<211> LENGTH: 630
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 5
atggagaaaa aaatcactgg atataccacc gttgatatat
cattttgagg catttcagtc agttgctcaa tgtacctata
attacggecct ttttaaagac cgtaaagaaa aataagcaca
cacattcttg ccecgectgat gaatgcectcat ccggaattcec
gagctggtga tatgggatag tgttcaccct tgttacaccg
acgttttcat cgctctggag tgaataccac gacgatttcce
tcgcaagatg tggcgtgtta cggtgaaaac ctggcctatt
aatatgtttt tcgtctcagce caatccctgg gtgagtttca
gccaatatgg acaacttctt cgcccceccecgtt ttcaccatgg
gacaaggtgc tgatgccgct ggcgattcag gttcatggtg
gtcggccegta tgcttaatga actgcagcag
<210> SEQ ID NO 6
<211> LENGTH: 630
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 6

cccaatggca

accagaccgt

agttttatcc

gtatggcaat

ttttccatga

ggcagtttct

tcectaaagy

ccagttttga

gcaaatatta

ccgtttgtga

tcgtaaagaa
tcagctggat
ggcctttatt
gaaagacggt
gcaaactgaa
acacatatat
gtttattgag
tttaaacgtg
tacgcaaggc

tggcttccat

atggagaaaa aaatcactgg atataccacc gttgatatat cccaatggca tcgtaaagaa

cattttgagg catttcagtc agttgctcaa tgtacctata accagaccgt tcagctggat

60

120

180

240

300

360

420

480

540

600

630

60

120

20



attacggcct
cacattcttyg
gagctggtga
acgttttcat
tcgcaagatyg
aatatgtttt
gccaatatgg
gacaaggtgc
gtcggccogta
<210>
<211l>
<212>
<213>
<220>
<223>
<400>
atggagaaaa
cattttgagy
attacggcct
cacattcttyg
gagctggtga
acgttttcat
tcgcaagaty
aatatgtttt

gccaatatgg

gacaaggtgc

gtcggcagaa

<210>
<211>
<212>
<213>
<220>
<223 >

ttttaaagac

ccegectgat

tatgggatag

cgctcectggag

tggcgtgtta

tcgtcectcagc

acaacttctt

tgatgccgcet

tgcttaatga

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

630
DNA

SEQUENCE: 7

aaatcactgyg

catttcagtc

ttttaaagac

ccocgectgat

tatgggatag

cgctctggayg

tggcgtgtta

tcgtcetcage

acaacttctt

tgatgccgcet

tgcttaatga

SEQ ID NO 8
LENGTH:
TYPE:
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

210
PRT

<400> SEQUENCE: 8

21

cgtaaagaaa
gaatgctcat
tgttcaccct
tgaataccac
cggtgaaaac
caatccctgy
cgccccocegtt

ggcgattcag

actgcagcag

atataccacc
agttgctcaa
cgtaaagaaa
gaatgctcat
tgttcaccct
tgaataccac
cggtgaaaac
caatccctgy

cgccceecegtt

ggcgattcag

actgcagcag

aataagcaca

ccggaattec

tgttacaccy

gacgatttcc

ctggcctatt

gtgagtttca

ttcaccatgyg

gttcatgctyg

Synthetic

gttgatatat

tgtacctata

aataagcaca

ccggaattec

tgttacaccy

gacgatttcc

ctggcctatt

gtgagtttca

ttcaccatgy

gttcatggtyg

Synthetic

US 7,722,881 B2

-continued

agttttatcc

gtatggcaat

ttttcecatga

ggcagtttct

tccctaaagyg

ccagttttga

gcaaatatta

ccgtttgtga

cccaatggca

accagaccgt

agttttatcc

gtatggcaat

ttttccatga

ggcagtttct

tccctaaagyg

ccagttttga

gcaaatatta

ccgtttgtga

ggcctttatt

gaaagacggt

gcaaactgaa

acacatatat

gtttattgag

tttaaacgtg

tacgcaaggc

tggcttccat

tcgtaaagaa

tcagctggat

ggcectttatt

gaaagacggt

gcaaactgaa

acacatatat

gtttattgag

tttaaacgtyg

tacgcaaggc

tggcttccat

Met Glu Lys Lys

1

His

ATg
65

Glu

ATy

Agn

Lys

50

Leu

Leu

Lys

Gln
35

Agn

Met

Val

Glu
20

Thr

Agn

Tle

Tle
5

Hig

Vval

His

Ala

Trp
85

Thr

Phe

Gln

Hig
70

ASpP

Gly

Glu

Leu

Phe

55

Pro

Ser

Ala

ASDP
40

Glu

Val

Thr

Phe

25

Tle

Pro

Phe

His

Thr

10

Gln

Thr

2la

Arg

Pro
S0

Val

Ser

Ala

Phe

Met
75

ASpP

Val

Phe

Tle

60

Ala

Tle

Ala

Leu

45

His

Met

Thr

Ser

Gln
20

Tle

Val

Gln

15

Thr

Leu

ASP

Phe
o5

Trp

Thr

Val

b2la

Gly

80

His

180

240

300

360

420

480

540

600

630

60

120

180

240

300

360

420

480

540

600

630

22



Glu

Phe

Glu

Val
145

Ala

Gly

Gln

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

Gln

ATrg

Agn
130

Ser

Agn

Thr

A2la

Gln
210

Thr

Gln
115

Leu

Ala

Met

Gln

Val
195

Glu
100

Phe

Ala

Agn

ASP

Gly
180

PRT

SEQUENCE :

Met Glu Lys Lys

1

Hig

Arg

65

Glu

Glu

Phe

Glu

Val

145

Ala

Ala

Gln

Arg

Agn

Lys

50

Leu

Leu

Gln

Arg

Agn

130

Ser

Agn

Thr

ala

Gln
210

Lys

Gln

35

Agn

Met

Val

Thr

Gln

115

Leu

Ala

Met

Gln

Val
195

Glu
20

Thr

Agn

Tle

Glu

100

Phe

Ala

Agn

ASDP

Gly
180

Thr

Leu

Pro

AsSn
165

Asp

AsSp

SEQ ID NO 9
LENGTH :
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

210

5

Ile

5

His

Val

Hig

2la

Trp

85

Thr

Leu

Pro

Asn

165

AsSp

Asp

Phe

Hig

Phe

Trp
150

Phe

Gly

Thr

Phe

Gln

His

70

ASpP

Phe

His

Phe

Trp
150

Phe

Gly

23

Ser
Ile

Pro
135

Val

Phe

Val

Phe

Ser

Tyr
120

Ser

Ala

Leu

His
200

Leu
105

Ser

Gly

Phe

Pro

Met
185

Val

Synthetic

Gly

Glu

Leu

Phe

55

Pro

Ser

Ser

Tle

Pro

135

Val

Phe

Val

Phe

Ala

ASP

40

Glu

Val

Ser

Tyr

120

Ser

Ala

Leu

Hig
200

Thr

Phe

25

Tle

Pro

Phe

His

Leu

105

Ser

Gly

Phe

Pro

Met

185

Val

Trp

Gln

Phe

Thr

Val
170

Pro

Gly

Thr
10
Gln

Thr

ala

Pro
S0

Trp

Gln

Phe

Thr

Val

170

Pro

Gly

Ser

ASpP

ITle

Ser
155

Phe

Leu

Arg

Val

Ser

Ala

Phe

Met

75

Ser

ASp

ITle

Ser

155

Phe

Leu

AYg

-continued

Glu

Val

Glu
140

Phe

Thr

Ala

Met

ASP

Val

Phe

ITle

60

Ala

Glu

Val

Glu

140

Phe

Thr

Ala

Met

Tyr

Ala
125

AsSn

Asp

Met

Ile

Leu
205

Ile

Ala

Leu

45

Hig

Met

Thr

Ala

125

AsSn

Asp

Met

Tle

Leu
205

His

110

Cys

Met

Leu

Gly

Gln
190

Agn

Ser
Gln

30

Ile

Val

Hig

110

Met

Leu

Gly

Gln

120

Agn

ASpP

Tyr

Phe

Agn

Lys
175

Val

Glu

Gln

15

Thr

Leu

ASpP

Phe

o5

ASP

Phe

Agn

Lys

175

Val

Glu

US 7,722,881 B2

ASp

Gly

Phe

Val
160

His

Leu

Trp

Thr

Val

Ala

Gly

80

His

ASpP

Gly

Phe

Val

160

His

Leu

24



<210> SEQ ID NO 10
<211> LENGTH: 57

<212> TYPE:

DNA

25

<213> ORGANISM: Artificial
«220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 10

Synthetic

US 7,722,881 B2

-continued

tgggaactgce accgttcectgg tcecacgceceg cgccctegee cacgtocgga attcatyg

<210> SEQ ID NO 11
«211> LENGTH: 19

«212> TYPERE:

PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 11

Synthetic

Trp Glu Leu His Arg Ser Gly Pro Arg Pro Arg Pro Arg Pro Arg Pro

1

Glu Phe Met

5

<210> SEQ ID NO 12
<211> LENGTH: 14

<212> TYPERE:

PRT

«213> ORGANISM: Artificial
«220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 12

Trp Glu Leu His Arg Ser Gly Pro Arg Pro Asn Glu Phe Met

1

5

<210> SEQ ID NO 13

<211> LENGTH:
«212> TYPE:

729
DNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 13

atggagaaaa

cattttgagy

attacggcct

cacattctty

gagctggtga

acgttttcat

tcgcaagatyg

aatatgtttt

gccaatatgg

gacaaggtgc

gtcggccogta

cgecectegec

acgagctgce

aaatcactgyg

catttcagtc

ttttaaagac

ccecgectgat

tatgggatag

cgctctggag

tggcgtgtta

tcgtctcagce

acaacttctt

tgatgccgcet

tgcttaatga

cacgtccgga

atataccacc

agttgctcaa

cgtaaagaaa

gaatgctcat

tgttcaccct

tgaataccac

cggtgaaaac

caatccctgy

cgccccocegtt

ggcgattcag

actgcagcag

attcatggcc

10

Synthetic

10

Synthetic

gttgatatat

tgtacctata

aataagcaca

ccggaattec

tgttacaccy

gacgatttcc

ctggcctatt

gtgagtttca

ttcaccatgyg

gttggtggtyg

tgggaactgc

ggctgcaaga

cccaatggca

accagaccgt

agttttatcc

gtatggcaat

ttttccatga

ggcagtttct

tccctaaagyg

ccagttttga

gcaaatatta

ccgtttgtga

accgttcetygyg

acttcttttg

15

tcgtaaagaa

tcagctggat

ggcctttatt

gaaagacggt

gcaaactgaa

acacatatat

gtttattgag

tttaaacgtg

tacgcaaggc

tggcttccat

tccacgeccecy

gaaaaccttt

577

60

120

180

240

300

360

420

480

540

600

660

720

729

26



<210>
<211>
<212 >
<213>
«220>
<223 >

<400>

PRT

SEQUENCE :

Met Glu Lys Lys

1

Hig

ATrg

65

Glu

Glu

Phe

Glu

Val

145

Ala

Gly

Gln

ATrg

225

Thr

<210>
<211>
<212 >
<213>
220>
<223 >

Arg

Agn

Lys

50

Leu

Leu

Gln

Arg

Agn

130

Ser

Agn

Thr

ala

Gln

210

Pro

Ser

Lys

Gln

35

Agn

Met

Val

Thr

Gln

115

Leu

Ala

Met

Gln

Val
195

Trp

Glu

Cys

Glu
20

Thr

Agn

Tle

Glu

100

Phe

Ala

Agn

ASP

Gly
180

Glu

Phe

PRT

<400> SEQUENCE:

Met Glu Lys Lys

1

His Arg Lys Glu

20

Tyr Asn Gln Thr

35

Lys Lys Asn Lys

50

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

243

14

Ile

5

His

Vval

Hig

Ala

Trp

85

Thr

Leu

Pro

AsSn
165

Asp

Asp

Leu

Met

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: Artificial
FEATURE:
OTHER INFORMATION:

243

15

Tle
5

His

Val

His

Thr

Phe

Gln

His

70

ASpP

Phe

His

Phe

Trp
150

Phe

Gly

His

Ala
230

Thr

Phe

Gln

Lys

27

Synthetic

Gly

Glu

Leu

Phe

55

Pro

Ser

Ser

Tle

Pro

135

Val

Phe

Val

Phe

Arg
215

Gly

Ala

ASP

40

Glu

Val

Ser

Tyr

120

Ser

Ala

Leu

Hig
200

Ser

Thr

Phe

25

Tle

Pro

Phe

His

Leu

105

Ser

Gly

Phe

Pro

Met
185

Val

Gly

Synthetic

Gly

Glu

Leu

Phe
55

Ala

ASP
40

Thr

Phe

25

Ile

Pro

Thr

10

Gln

Thr

ala

Arg

Pro

50

Trp

Gln

Phe

Thr

Val

170

Pro

Gly

Pro

Agn

Thr
10
Gln

Thr

2la

Val

Ser

Ala

Phe

Met
75

Ser

ASpP

Ile

Ser
155

Phe

Leu

AYg

Arg

Phe
235

Val

Ser

Ala

Phe

-continued

ASDP

Val

Phe

ITle

60

Ala

Glu

Val

Glu

140

Phe

Thr

Ala

Met

Pro

220

Phe

ASD

Val

Phe

Tle
60

Ile

Ala

Leu

45

Hig

Met

Thr

Ala

125

Asn

Asp

Met

Ile

Leu
205

Arg

Trp

Tle

Ala

Leu

45

His

Ser

Gln
20

Ile

Val

His
110

Met

Leu

Gly

Gln

120

Agn

Pro

Ser

Gln
30

Tle

Gln
15

Thr

Leu

ASP

Phe

55

ASpP

Phe

Agn

Lys
175

Val

Glu

Arg

Thr

Gln
15

Thr

Leu

US 7,722,881 B2

Trp

Thr

Val

Ala

Gly

80

His

ASp

Gly

Phe

Val

160

Gly

Leu

Pro

Phe
240

Trp

Thr

Val

Ala

28



ATrg

65

Glu

Glu

Phe

Glu

Val

145

Ala

Hisg

Gln

ATrg
225

Thr

Leu

Leu

Gln

Arg

Agn

130

Ser

Agn

Thr

2la

Gln

210

Pro

Ser

Met

Val

Thr

Gln

115

Leu

Ala

Met

Gln

Val

195

Trp

Glu

Agn

Ile

Glu

100

Phe

Ala

Agn

ASP

Gly

180

Glu

Phe

Ala
Trp
85

Thr

Leu

Pro

Asn

165

AsSp

Asp

Leu

Met

What 1s claimed 1s:

Hisg

70

ASpP

Phe

Hig

Phe

Trp
150

Phe

Gly

His

Ala
230

29

Pro
Ser
sSer
Ile
Pro
135
Val
Phe
Val
Phe
Arg

215

Gly

Glu

Val

Ser

Tyr

120

Ser

Ala

Leu

His

200

Ser

Phe

Hisg

Leu

105

Ser

Gly

Phe

Pro

Met

185

Val

Gly

Pro

50

Trp

Gln

Phe

Thr

Val

170

Pro

Gly

Pro

Agn

Met

75

Ser

ASDP

Tle

Ser

155

Phe

Leu

ATrg

Arg

Phe
235

-continued

Ala

Tvr

Glu

Val

Glu

140

Phe

Thr

Ala

Met

Pro

220

Phe

Met

Thr

Ala
125

AsSn

Asp

Met

Tle

Leu

205

Arg

Trp

Lys

Val

His

110

Met

Leu

Gly

Gln

120

Agn

Pro

1. A chimeric polypeptide having the immunogenicity of 25
somatostatin, comprising: an amino acid sequence of soma-

tostatin-14 represented by S.

H(Q ID NO: 1 linked to a substan-

tially mactive and truncated chloramphenicol acetyl trans-
terase polypeptide having a sequence selected from the group

consisting of S.
9,

HQ ID NO: 4, S,

HQ ID NO: 8 and S

5Q ID NO:

wherein the somatostatin-14 1s linked to the inactive
chloramphenicol acetyl transierase by a spacer sequence

selected from SEQ ID NO: 11 or S.

7 1D NO: 12.

2. The chimeric polypeptide of claim 1 having an amino
acid sequence with at least 99% sequence 1dentity with the

amino acid sequence of S,

=Q ID NO: 14.

40

45

ASpP
Phe
o5

ASP

Phe

Agn

Lys

175

Val

Glu

Arg

Thr

US 7,722,881 B2

Gly

80

Hig

ASp

Gly

Phe

Val

160

His

Leu

Pro

Phe
240

30

3. The chimeric polypeptide of claim 1 having an amino

acid sequence of SEQ ID NO: 14.

4. An immunogenic composition comprising the chimeric
polypeptide of claim 1 together with a pharmaceutically suit-
able adjuvant 1 an amount eflective to elicit an 1immune
response.

5. A chumeric polypeptide comprising:

an amino acid sequence selected from the group consisting,

of SEQ ID NO: 4, 8, and 9; and

an amino acid sequence of SEQ ID NO: 1;
wherein a spacer selected from the group consisting of SEQ)
ID NO: 11 and SEQ TD NO: 12 links the amino acid

SCHUCIICCS.
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